Methods: Laypersons were handed a labelled, mouthpiece-integrated I-gel laryngeal mask and a corresponding instruction chart and were asked to follow the printed instructions.
Outcome measures: The overall process was analysed and evaluated according to quality and duration.
Results: Data from 100 participants were analysed.
Overall, 79% of participants were able to effectively ventilate the manikin, 90% placed the laryngeal mask with the correct turn and direction, 19% did not position the mask deep enough and 85% believed that their inhibition threshold for performing resuscitation was lowered. A significant reduction in reluctance before and after the trial was found (p<0.0001). A total of 35% of participants had concerns about applying first aid in an emergency. Former basic life support (BLS) training significantly reduced the time of insertion (19.6 s, 95% CI 17.8 to 21.5, p=0.0004) and increased overall success (p=0.0096).
Conclusions: Laypersons were able to manage mouthto-mask ventilation in the manikin with a reasonable success rate after receiving brief chart-based on-site instructions using a labelled I-gel mask. Positioning the mask deep enough and identifying whether the manikin was successfully ventilated were the main problems observed. A significant reduction in reluctance towards initialising BLS by using a modified supraglottic airway device (SAD) may lead to better acceptance of bystander resuscitation in laypersons, supporting the introduction of SADs into BLS courses and the stocking of SADs in units with public automatic external defibrillators.
INTRODUCTION
Bag-valve mask ventilation (BVMV) and bagvalve ventilation connected to a supraglottic airway device (SAD) with an inflatable cuff, for example, Laryngeal Mask Classic and Supreme, have been found to be too complex for laypersons to use. 1 2 This study addresses the idea of placing and using a modified I-gel laryngeal mask (I-gel) (a gel-like thermoplastic elastomer with a noninflatable cuff )-a SAD with mouth-to-mask ventilation-on a manikin by laypersons using a newly designed instruction chart.
Laypersons, especially in domestic settings, are often confronted with circulatory arrests before professional medical healthcare providers arrive. 3 Moreover, the worldwide trend towards increasing urbanisation and rural depopulation is a challenge for first responders and ambulance services 4 and may emphasise the role of laypersons' responsibilities for providing prompt help in emergencies.
The probability of long-term survival after cardiac arrest is very much dependent on immediate resuscitation by laypersons or first Strengths and limitations of this study ▪ This study aimed to qualitatively investigate the feasibility of using a modified I-gel as a reasonable alternative to mouth-to-mouth ventilation by laypersons and to determine participants' attitudes towards providing first aid in general and after becoming familiar with the device. ▪ The use of an easily operated supraglottic airway device reduces laypersons' reluctance to initiate first aid and mouth-to-mask ventilation. ▪ A limitation of our study is the simulated setting using a manikin, which could have affected the scenario and limited the transferability of the data to real life situations but provides safe qualitative information. ▪ The lack of a conventional mouth-to-mouth ventilation group precludes a comparison to a control group.
responders. [5] [6] [7] According to the latest ERC guidelines, the ideal ratio between chest compressions and mouth-to-mouth ventilations is 30:2. Once the patient's trachea is intubated or the airway is secured with a SAD, it is recommended to continue chest compression at a rate of 100/min without interruption while ventilating the lungs ∼10 times/min. This combination enables a relevant higher median coronary perfusion pressure. 8 It is well known that only performing chest compression resuscitation provides superior benefits compared with no cardiopulmonary resuscitation (CPR) 9 and may be an option for lay responders with limited experience in mouth-to-mouth ventilation, acknowledging the consequences of no or incorrect ventilation. Nevertheless, managing the airway of patients in emergency situations, especially if professional help requires more than 5-10 min to arrive at the scene, is an essential step in first aid because it strongly impacts morbidity and mortality. 10 However, in approximately two-third of all observed cardiac arrests, 'first aiders' do not attempt resuscitation as a result of doubts and fears concerning infectious secretions and making mistakes in mouth-to-mouth resuscitation. 5 Therefore, an easily applied and hygienic alternative, such as a SAD, that can minimise people's concerns towards first aid ventilation is desirable. However, BVMV and bag-valve ventilation devices connected to a SAD with an inflatable cuff have been shown to be too complex for laypersons to use. 1 2 Several studies have demonstrated that, at least in the hands of trained medical staff, the use of SADs during CPR reduces the 'no-flow-time', 11 increases the quantity of chest compressions 12 and can ultimately improve outcomes.
Endotracheal intubation is still the gold standard for airway management. However, since intubation should only be applied by professional healthcare providers with sufficient technical training and experience, BVMV and SADs, for example, laryngeal masks (LMAs), are an acceptable alternative. 8 Although LMAs might have a higher risk of aspiration during CPR than endotracheal intubation, only a few notable cases have been reported under these circumstances. 8 Compared to the use of endotracheal tubes, SADs do not generally require an interruption of chest compression. 12 Moreover, LMAs have advantages compared to the use of BVMV as they have been reported to be easier and more efficient in terms of their application 1 and are less likely to cause regurgitation during CPR when used as a first line airway device. 13 Among the SADs, the laryngeal mask has the highest proven success rates in individuals with limited clinical experience. 1 The goal of this study was to investigate the ability of laypersons to operate a modified I-gel labelled with different coloured marks to aid in recognising proper mask placement in mouth-to-mask ventilation on the scene using a manikin, with instructions provided by a newly designed manual. In this trial, we used the I-gel because its features may make insertion by casual users easier. 14 Among the different models of LMAs, the I-gel is the fastest to insert and is the most popular airway device, 15 with acceptable seal formation and closing pressures. 8 Information regarding the participants' evaluation of this method was gathered, in addition to the specific main reasons for individuals being reluctant to perform first aid in general.
METHODS
In a manikin-based prospective feasibility trial, we investigated laypersons' abilities to provide mouth-to-mask ventilation using a modified I-gel laryngeal mask after receiving brief on-site instruction. The institutional review board (Rhine-Westphalia University of Technology Aachen, Germany, Medical Faculty, Ethical Review Committee; Chairman: Professor G. Schmalzing) waived the requirement for written informed consent as no impact on individual health was anticipated. This manuscript is presented in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology statement.
Recruitment of participants
Data were collected during March 2014 in the University Hospital of Aachen (Uniklink Rheinisch Westfälische Technische Hochschule (RWTH) Aachen) entrance hall and the city campus of RWTH Aachen, Germany.
Inclusion criteria were that the participants had no prior medical education (ie, physicians, nurses, medical students, paramedics and medical technologists), with the exception of having attended 'first aid' or basic life support (BLS) courses in the past. Exclusion criteria were any type of formal medical education.
We randomly selected and individually approached each subject. Prior to the experiment, participants were asked for personal data regarding age, sex, profession, first aid training (if they had received any, how long ago and how often), resuscitation experience, and whether personal convictions prevented them from performing first aid and mouth-to-mouth ventilation. Participants agreed with the anonymous scientific analysis of their personal data.
Experimental setting
The I-gel is a gel-like transparent laryngeal mask that is made of a thermoplastic elastomer without an inflatable cuff.
14 For this trial, it was labelled as follows: blue arrow for the direction, a red mark for the depth and a yellow mark with the label 'nose' on one side and 'chin' on the other side to indicate the orientation for insertion into the mouth of the manikin. To realise mouth-to-mask ventilation, a mouthpiece and hygienic filter were fixed to the ISO connector. The operation of the I-gel was displayed in four pictures on a separate instruction chart that was added to the package (figure 1).
The experimental setting consisted of a manikin (Laerdal Airway Management Trainer Adult, Laerdal Medical GmbH Puchheim, Germany) on the floor with the non-transparent bagged ventilation package (instruction chart plus a previously labelled mouthpiece-equipped laryngeal mask (I-gel Laryngeal Mask, Intersurgical GmbH, Sankt Augustin, Germany)) nearby.
Participants were not instructed nor were they prepared prior to the experiment. They only knew about an experiment related to 'first aid' and that they should follow the directions given in the 'aid package' exactly. Thereafter, participants were handed a non-transparent package containing the modified I-gel and the 'manual'. The trial started the moment the individuals were asked to open the package. During the experiment, participants were not given any verbal directions and nor were any of their questions answered.
The experimental site was an area that was protected and isolated from the view of an audience or other participants to avoid biases due to visual learning.
The primary (qualitative) outcome was the time from opening the bag until the second ventilation. Secondary qualitative and quantitative outcome parameters were the success of ventilation, the position of the mask and its direction, subjective judgements of success, the ease and comfort of the procedure as perceived by the participant and individuals' concerns about proceeding in case of an emergency. Moreover, we investigated the influence of former 'first aid' or BLS classes and age on individual performance. Two questions followed each experiment: ▸ Would you attempt to apply the mask using the instruction chart in an emergency? ▸ Does the mask lower your inhibition threshold for performing ventilation?
Statistics
Statistical analysis was performed with GraphPad Prism V.6.0 for Mac (GraphPad Software, La Jolla, California, USA). A success rate of 90% was expected. 2 16 The p<0.05 indicated statistical significance. To analyse the contingency, Fisher's exact test was used. An unpaired t test with equal SDs was also used. Moreover, an ordinary one-way ANOVA (analysis of variance) was employed. The data are presented as the means±SD if not otherwise mentioned.
RESULTS
Data from 100 participants (67 men, 33 women) were analysed. On average, participants were 33.4±17.6 years old. The time elapsed since the last BLS course (n=92) was 8.2 ±8.1 years. Overall, individuals had completed 2.1±1.9 first aid courses. Two individuals (2%) had applied first aid skills in real life, and a total of 35% (n=35) had concerns about applying first aid in an emergency (table 1) .
The average time from turning over the instruction chart until the second ventilation was 31.9 s (31.9±15.4 s, 95% CI 28.9 to 35). Ninety-four per cent (n=94) of participants believed that their ventilation was successful. Seventy-nine per cent (n=79, 0.79±0.4, 95% CI 0.71 to 0.87) of participants were able to effectively ventilate the manikin. Ninety per cent of participants managed to place the laryngeal mask with the right turn and direction, which suggests a basic understanding of the first part of the instruction chart. Nineteen per cent of participants did not position the mask at the proper depth (table 2) . Nonetheless, five of the individuals were able to successfully ventilate the manikin, despite placing the mask too deep (n=2) or not deep enough (n=3).
In total, 92 individuals (92%) reported experience with former BLS training, and 8 participants (8%) had not experienced any formal first aid training. The insertion time and realisation of the second ventilation was significantly reduced by former BLS training (19.6 s, 95% CI 17.8 to 21.5, p=0.0004), and the time from turning over the instruction chart until the second ventilation was 30.3±1.4 and 50±8 s for those with and without prior BLS training, respectively (figure 2). We also found a significant correlation between BLS experience and success ( p=0.0096) (table 3) . Moreover, the number of BLS courses the participants had participated in significantly correlated with the success of ventilation ( p=0.005). Furthermore, no significant difference in the success of ventilation initiation related to participants with previous first aid training within the past 5 years (n=43) compared to those with first aid training more than 5 years ago (n=49) could be detected ( p=0.42). BLS training less than or more than 5 years ago did not influence the duration or success of the procedure (achieving a second ventilation) ( p=0.58).
Focusing on the insertion time, a significant difference between participants aged >30 years (n=34, 41.1 ±3.4 s) compared with those aged <30 years (n=66, 27.2 ±1.2 s) was found ( p=0.0001, 95% CI 8.03 to 19.7) (figure 3). There was no significant difference between the age groups (<30 years compared to >30 years) in relation to the success of the procedure ( p=0.19 and p=0.14) (table 3) . No sex-specific differences between the performances of male (n=67) and female (n=33) participants regarding insertion times (30.2±18 vs 35.3 ±2.9 s) ( p=0.12) or success rates ( p=0.80) were observed. Eighty-five per cent (n=85) of participants believed that their individual inhibition threshold for providing mouth-to-mouth ventilation during resuscitation was The data are presented as percentages. lowered using this modified laryngeal mask airway. A significant reduction in their reluctance to perform ventilation after the placement of the laryngeal mask was found relative to their feelings before the trial ( p<0.0001) (figure 4).
DISCUSSION
In this pilot study, we showed that laypersons were able to successfully manage mouth-to-mask ventilation with a modified I-gel in a manikin using a simple instruction chart.
In the case of cardiac arrest, survival often depends on early resuscitation by laypersons. [5] [6] [7] According to the latest ERC guidelines, ventilation is part of basic cardiac life support (BCLS), ideally with a 30:2 ratio between chest compressions and ventilations. 17 Unlike other projects and investigations, our study was not based on prior instruction or training. Moreover, we investigated the performance of laypersons without any professional medical background. A majority of prior studies included so-called laypersons such as paramedical personnel, nurses, firemen and medical students. 18 For laypersons, SADs might be 'an excellent or even superior' alternative to ventilation, 16 with less risk of aspiration. 13 In addition, prior studies have proven the laryngeal mask in general to be a SAD with high success rates when used by individuals with limited clinical experience. 19 In comparison, cuff inflation is one of the major pitfalls in the application of SADs. 2 18 For this reason, we chose the I-gel, a second generation SAD (which incorporates a gastric drainage channel) with an oval corpus providing more rotational stability. Compared to various other SADs, the I-gel is one of the fastest to insert and easiest to handle, with high success rates 20 and lower gastric inflation. 21 In addition, there is no need for the operator to inflate a cuffed seal. In particular, cuff inflation using a syringe was found to be a major issue for laypersons operating SADs, resulting in uncertainty and prolonging the time needed to install artificial ventilation. 2 18 22 A previous trial proved the process of connecting bag valve mask (BMVs) and SADs to be a source of error. Squeezing the BMV was a second major issue identified in this context; however, understanding the origin of faults and the difficulties of operating professional devices by laypersons and transferring this new information into action finally resulted in success. 22 Owing to these previous complications, we decided to exclude the BMV in this study and chose a simple filter-protected mouthpiece placed at the ISO connection site of the I-gel to facilitate ventilation, which is similar to the BLS class favoured and mouth-to-mouth ventilation that is taught. Hence, none of our participants failed to initiate mouth-to-SAD ventilation. For educational purposes, a variety of alternative instruction methods using different types of media to deliver instructions on how to apply BCLS, such as brief training sessions, 16 recruitment of volunteers through mobile phone positioning systems, 23 video clip demonstrations 24 and scripted telephone instruction, 25 have been shown to be successful. It was our aim to evaluate an alternative educational concept that enables laypersons to successfully handle professional airway equipment, for example, a modified laryngeal mask, for emergency ventilation. Compared to previous trials, applicants needed similar time periods (31.9±15.4 s) to successfully place the devices. 18 26 Nevertheless, the time to insert a device in a manikin may vary significantly from that required to insert it in a patient. 27 As in cases of cardiac arrests, the early initiation of CPR by a layperson contributes to a better chance of survival. [5] [6] [7] This trial, in addition to the already published and realised concept of performing only chest compressions, may be a move towards an improved acceptance of performing first aid by laypersons as a result of less reluctance in response to the call for bystander CPR.
Similar to previous studies, we found a significant correlation between BLS experience, success and insertion time. This study shows that BLS-experienced individuals placed the mask faster and more successfully than those without BLS experience. Moreover, the number of BLS courses that participants had participated in was significantly correlated with the success of ventilation. 28 A prior study has shown that participants with prior knowledge were significantly more likely to be confident enough to render first aid. 3 Nevertheless, we acknowledge some limitations that should be discussed. The correct positioning of the mask was found to be the most crucial problem in transferring information from the instruction chart into action. Two potential explanations have been mentioned earlier, for example, the inability of even high fidelity simulation manikins 'to recreate the feel and finer aspects of human airway anatomy' 27 and that despite lubrication, the friction between two artificial materials may demand more power than anticipated by the individuals. 2 An idea for enhancing the instructions in this context would be, in addition to better labelling 2 of the I-gel, the use of extra bold type on the instruction chart and verbal instructions to support correct placement. 18 Another challenge for the subjects regarding the ventilation of the manikin was to distinguish whether their ventilation was successful or not. Fifteen (n=15) individuals believed they had successfully ventilated the manikin, even though they had failed. In our manikin, the individuals could directly see the lungs, and it was obvious if they lifted up or not. In actual humans, it is even more difficult to determine if the lungs are ventilated as the upper part of the chest and body may also lift in the case of stomach ventilation. Moreover, whether this rate of misapprehension would be better in mouth-to-mouth ventilation remains unknown.
Ideas for steps that could follow this study include a reassessment after a comparison of mouth-to-mouth ventilation to the use of BVMV and the I-gel laryngeal mask and a comparison of different ways for teaching their application through videos, charts or just verbal instructions.
Hence, the next logical step would be to test the modified I-gel laryngeal mask on humans under anaesthesia and in real-life situations.
Conclusion
In this study, 79 (79%) of the participating laypersons were able to place the labelled I-gel laryngeal mask and to successfully initiate mouth-to-laryngeal mask ventilation in the manikin by following a newly designed instruction chart. When transferring the instructions into action, placing the mask deep enough and identifying whether the manikin was successfully ventilated emerged as the main barriers to the use of this device. Extra bold type on the instruction chart, verbal support 18 and better labelling 2 of the I-gel laryngeal mask may have improved the performance of the participants. The significant reduction in the reluctance of laypersons towards the implementation of BLS by placing the I-gel laryngeal mask may support a better acceptance of bystander resuscitation in laypersons. The results of this study support the introduction of SADs in BLS courses.
